WHAT'S KNOWN ON THIS SUBJECT: Sudden infant death syndrome and other sleep-related causes of infant mortality have several known risk factors. Less is known about the association of those risk factors at different times during infancy.
Sudden infant death syndrome (SIDS; 53.9 deaths per 100 000 live births) and unintentional injury (including suffocation; 27.5 deaths per 100 000 live births) represent the third and fifth leading causes, respectively, of infant mortality in the United States. 1 Although the incidence of SIDS has decreased since 2000, rates of other sleep-related infant deaths (eg, accidental suffocation, asphyxiation) have increased. 2 It has been suggested that these observed changes may be attributable, in part, to changes in diagnostic categorization. 2 The sleep environment can impact the risk of both SIDS and other sleeprelated infant deaths. Several elements contribute to an unsafe sleep environment, including the following: sleeping in something other than a crib (eg, sofa), 3 bed-sharing, 4 soft bedding, 5 bumper pads or other items, 6 and sleeping in the prone position. 7, 8 Indeed, the American Academy of Pediatrics recently released statements that include comprehensive recommendations for a safe sleep environment. 9 However, the adoption of safe sleep practices has been inconsistent in home, child care, and health care settings. 10, 11 Studies have examined differences in rates of sleep-related deaths among infants by age, but most have studied 1 risk factor or sought to separate the effects of different risk factors. 3, 4, 12, 13 Less is known about how multiple elements of a safe sleep environment are associated with different rates of sleep-related infant death for younger and older infants. Understanding how different factors reflect risk at different developmental stages is critical for appropriately advising parents and caregivers on safe sleep practices across infancy.
The purpose of this study is to compare differences in the sleep environments for younger (birth through 3 months) and older (ages 3 months to 364 days) infants who experienced sleep-related deaths. A secondary aim of the study was to examine differences in diagnoses for younger and older infants who experienced sleep-related deaths.
METHODS

Data Source
Data for this cross-sectional study were obtained from the National Center for the Review and Prevention of Child Deaths (NCRPCD) Case Reporting System, a database comprising reports of individual child death reviewed by state child death review teams. 14 As of late 2013, 43 states were participating in the database, which contains .1700 data elements. 15, 16 States use a standardized reporting tool and record all data online. 14 A data dictionary and data code book are provided to ensure accuracy and consistency in reporting. 14 The reporting tool includes demographic, social, and medical characteristics of the child, family, supervisor, and perpetrator, as well as data regarding the investigation (including whether an autopsy was performed) and risk factors. 17 Participating states sign datasharing agreements with the NCRPCD. Additional details about the NCRPCD have been described previously. 14, 16 
Study Participants
Inclusion criteria were all deaths recorded in the NCRPCD database that occurred during sleep or in the sleep environment for children ,1 year old during the calendar years 2004-2012 from 24 states. Some states, because of when they began participating in the NCRPCD, did not provide data for all study years. Exclusion criteria were deaths occurring during sleep but from a non-sleep-related medical condition (eg, meningitis) or weapon-related homicide. On the basis of data regarding cause of death determination, cases were assigned to 1 of 3 causes of death: SIDS/sudden unexpected infant death, accidental suffocation or strangulation in bed, and unknown/undetermined. This study was approved by the Institutional Review Board at Children' s National Medical Center.
Study Definitions
Infant and Caregiver Characteristics
Patient demographic characteristics included age in months, gender, and race/ethnicity. Age was further dichotomized into "younger" infants (,4 months) and "older" infants (4 months to 364 days). The presence of a complex chronic condition (CCC) was defined as "any medical condition that can be reasonably expected to last at least 12 months (unless death intervenes) and involving either several different organ systems or one system severely enough to require specialty pediatric care and probably some period of hospitalization in a tertiary care center," 18, 19 and was determined by review of data elements describing physical disability and/or chronic condition. CCCs, such as cerebral palsy, chromosomal abnormalities, and cardiac conduction disorders, carry a higher risk of early death. Medical conditions meeting the definition of CCC have been previously published. 18, 19 The primary caregiver categories included parent, foster parent, parent' s partner, relative or friend, other, and unknown. "Parent" included biological, adoptive, and stepparent.
Objects in the Sleep Environment
Bed-sharing was defined as the infant sleeping on the same surface with a person or animal. Categories of objects found in the sleep environment included "blanket," "pillow," "bumper pads," "hard furniture," "stuffed toy," "nonstuffed toys," "clothing," "small, soft fabric items," "cord," "bag," "other," and "unknown." "Blanket" referred to blanket, afghan, quilt, comforter, sleeping bag, bedding, and swaddling. "Pillow" included cushion, pillow, breastfeeding pillow, and ARTICLE positional support (eg, wedge). "Clothing" referred to adult and child clothing items. "Small, soft fabric items" included bib, burp cloth, washcloth, and handkerchief. "Bag" included plastic bag, duffel bag, and diaper bag. "Nonstuffed toys" included hard toys and hard objects, such as phones, books, hairbrushes, batteries, and teething rings. The object categories "blanket," "pillow," "bumper pads," "stuffed toys," "clothing," "cords," and "bag" were further defined as "dangerous objects."
Sleep Place and Position
Sleep place was categorized as "crib," "playpen," "car seat/stroller," "adult bed," "person," "other," and "unknown." "Crib" referred to crib, cradle, or bassinet. "Car seat/stroller" included car seat, stroller, and other sitting device (eg, other infant seat, swing). "Adult bed" included adult bed, waterbed, adult mattress, bunk bed, child' s bed, sofa bed, and air mattress. "Person" indicated sleeping in the arms or on the chest of another person. These locations were further collapsed to 5 categories: (1) crib, bassinet, playpen; (2) car seat/stroller; (3) adult bed or person; (4) other; and (5) unknown. Sleep position, both placed to sleep and position found, were categorized as "back," "side," "stomach," and "unknown."
Analytical Sequence
All statistical analyses were performed by using SPSS version 21 (IBM Corporation, Armonk, NY), and P values ,.05 were considered to be significant. Multiple imputation using the Markov Monte Carlo method was performed to impute missing data of variables used in the analyses. 20, 21 Multiple imputation has been previously used for analyses of the NCRPCD database. 16 All subsequent analyses were conducted by using pooled imputed data. Frequencies were calculated for infant and caregiver characteristics as well as for diagnosis, objects in the sleep environment, sleep position, and sleep location. Blankets and comforters were counted separately when determining the number of objects in the sleep environment, but were collapsed to 1 category for analyses of types of objects found in the sleep environment. The x 2 test was performed for bivariate analyses to compare deaths in younger and older infants. Multivariable, multinomial logistic regressions were performed to create adjusted odds ratios (ORs) of any object in the sleep environment, sleep position, and sleep location on the basis of age category (younger versus older), adjusting for race/ethnicity, gender, and CCC.
RESULTS
Population Characteristics
Of the 9073 infant deaths, 8207 (90.5%) met the inclusion criteria ( Table 1 ). The median age at the time of death was 2 months (interquartile range: 1-4 months). Most infants were male (58.2%) and did not have a CCC (98.8%). Most of the deaths occurred in non-Hispanic whites (44.9%), with a larger percentage of non-Hispanic black deaths occurring in the younger age group (31.0% vs 28.0%). Although ,2% of the study population had a CCC, there were significantly more deaths of infants with CCCs in the older age group (P , .001). The vast majority of the study population was primarily cared for by a parent (95%). An autopsy was performed in 97.6% of infants. The diagnosis "unknown" was the most frequent diagnosis (38.2%). This diagnosis was found significantly more often in the younger age group (39.2% vs 36%, P = .02), whereas accidental suffocation and strangulation in bed was responsible for more deaths in the older age group (28.2% vs 26.1%, P = .02).
Sleep-Related Death Risk Factors
The majority (69.2%) of the study population was bed-sharing at the time of death ( Table 2 ). Deaths occurring in the younger infants were significantly more likely to be associated with bed-sharing (73.8% vs 58.9%, P , .001). An object was found in the sleep environment of approximately one-third of the deaths. A higher percentage of deaths occurring in the older age group had at least 1 object in the sleep environment (39.4% vs 33.5%, P , .001). The only objects found in .10% of deaths were blankets (24.5%) and pillows (17.6%). Deaths in the older age group were significantly more likely to be associated with the presence of blankets (26.8% vs 23.5%, P = .001), stuffed toys (2.4% vs 1.2%, P , .001), bags (1.2% vs 0.3%, P , .001), hard furniture (0.3% vs 0.1%, P , .01), and cords (0.2% vs 0.0%, P , .01). There were no differences between age groups for the presence of pillows, bumper pads, nonstuffed toys, clothing, or other objects. The most common sleep position that infants of all age categories were placed for sleep was the supine position (39.7%). A significantly higher percentage of infants in the younger age group were placed on their side or stomach (37.3% vs 28.7%, P , .001). In contrast, the most common position in which all infants were found was prone (38.3%). The younger age group had a significantly higher percentage of infants found on their back and side (40.1% vs 35.9%, P , .001), whereas the older age group had a significantly higher percentage of infants found prone (42.2% vs 36.6%, P , .001). A significantly higher percentage of deaths in the older age group were associated with a change in sleep position from back/side to stomach or stomach to back/side, although the former change occurred 8 times more frequently. Older infants changed their sleep position from side/back to prone more frequently than younger infants (18.4% vs 13.8%, P , .001). When stratified further, 12.8% of 0-to 2-month-olds changed position from side/back to prone, compared with 17.3% of 3-montholds and 18.4% of those infants aged $4 months. Nearly half (49.2%) of all deaths occurred in an adult bed or on a person, with a higher percentage occurring in the younger age group (51.6% vs 43.8%, P , .001). Approximately one-quarter of the deaths occurred in a crib, bassinet, or playpen, with this sleep location being more common in older infants (34.0% vs 24.6%, P , .001).
Multivariable Results
After adjusting for gender, race/ethnicity, and CCC, deaths occurring in the younger age group continued to be associated with bed-sharing (OR: 2.0; 95% confidence interval [CI]: 1.8-2.2); a sleep place other than a crib, bassinet, or playpen (eg, adult bed or on a person; OR: 1.6; 95% CI: 1.5-1.8); and prone (OR: 1.3: 95% CI: 1.1-1.5) or side (OR: 1.9; 95% CI: 1.6-2.2) placement (Table 3) . However, deaths in the younger age group were less likely to have an object in the sleep environment (OR: 0.8; 95% CI: 0.7-0.9). Deaths in the younger age group were also less likely to be associated with changes in the sleep position from back/side to stomach (OR: 0.6; 95% CI: 0.6-0.7). Deaths in non-Hispanic blacks were more likely than those in non-Hispanic whites to be associated with risk factors such as sleeping in a location other than a crib, bassinet, or playpen (eg, adult bed; OR: 1.9; 95% CI: 1.7-2.1), bed-sharing (OR: 1.7; 95% CI: 1.5-1.9), and being placed to sleep in the prone (OR: 1.4; 95% CI: 1.2-1.6) or side (OR: 1.2; 95% CI: 1.0-1.5) position. Compared with deaths in non-Hispanic white infants, deaths in Hispanic infants were more likely to be in an adult bed (OR: 1.6; 95% CI: 1.4-1.9) and in infants placed to sleep in the side position (OR: 1.3; 95% CI: 1.1-1.6), but were less likely in infants placed in the prone position (OR: 0.7; 95% CI: 0.6-0.9). Differences in the likelihood of a sleep-related death risk factor also existed by gender. Deaths in girls were more likely than those in boys to be associated with sleeping in an adult bed (OR: 1.2; 95% CI: 1.0-1.3), but less likely to be associated with being placed in the prone position (OR: 0.8; 95% CI: 0.7-0.9).
DISCUSSION
In this analysis of infant sleep-related deaths, we found that sleep environment risks for 0-to 3-month-old infants were different than those for infants aged 4 months to 364 days. The younger infants were more likely to die while sleeping on the same surface (usually a bed) with adults, whereas the older infants were more likely to have been found prone with objects, such as blankets and stuffed animals, in the sleep area.
These findings may in part reflect risk at different developmental stages. Older infants were more likely to have been placed on their back or side and then found in the prone position. Infants typically begin rolling from the supine position to the prone position at ∼4 months of age. Indeed, when we stratified the age groups even further, we found that 17.3% of 3-month-olds rolled into a prone position, compared with 12.8% of 0-to 2-month-olds. It has been well documented that the risk of sudden unexpected infant death when an infant is placed or rolls into the prone position is much higher than in any other sleep position combination (as much as 19.3 times higher) when prone is not a usual position (unaccustomed prone). 22 It is possible that many of these infants rolled into the prone position and into objects, such as blankets, In contrast, infants aged 0 to 3 months were more likely to die while sharing a sleep surface. Infants at this age do not yet have the motor ability or strength to move their head or reposition their body when in an asphyxiating environment, such as when another person rolls over or moves such that part of the adult' s body obstructs the infant' s airway. In retrospect, it is often difficult to determine by autopsy and death scene investigation what exactly transpired in deaths such as these. It is therefore not surprising that deaths of younger infants were more likely to be coded as unknown or undetermined cause of death. Many coroners and medical examiners are more likely to determine the cause of death as unknown or undetermined when the death occurs in a bed-sharing scenario, because it is often unclear if the infant died of SIDS or accidental suffocation, 16 and we found that bed-sharing deaths in this cohort were more likely to be categorized as unknown or undetermined, regardless of the infant' s age.
It is interesting that the younger infants were less likely to be found with objects in the sleep environment. It is unclear whether this is a reflection of inaccurate coding (eg, if pillows and blankets in adult beds were not coded).
Another possibility, given the high proportion of infants in this age group who were found in bed-sharing situations, is that bed-sharing even without extraneous objects (eg, pillows and blankets) is hazardous for these youngest infants. It has been assumed by some that bed-sharing can be made safe if measures such as eliminating soft bedding from the adult bed are followed, but our findings raise questions about the validity of this assumption. In addition, although there were no differences between younger and older infants with regard to the presence of pillows in the sleep environment, pillows were the second most common object found in the sleep area. This finding may indicate that pillows are dangerous objects to have in the infant' s sleep environment, regardless of the infant' s age.
There were also some notable differences in sleep environment risks between minority groups. African-American infants who died were more likely to be bed-sharing and to be found with an object in the sleep environment. Latino and African-American infants were more likely to be placed in a nonsupine position and to be sleeping in a location other than a crib, bassinet, or playpen. These findings mirror data about sleep behaviors in different racial/ethnic groups in cross-sectional studies. 10, 23, 24 There are limitations inherent to this type of study. First, there were multiple individuals in multiple sites who were responsible for data entry, and the quality of the data varied. In addition, 
CONCLUSIONS
Sleep environment risks factors for infants may be different for different age groups. The predominant risk factor for younger infants (0-3 months of age) is bed-sharing, whereas rolling to prone, with objects in the sleep area, is the predominant risk factor for older infants (4 months to 364 days). Parents should be warned about the dangers of bed-sharing, particularly in 0-to 3-month-old infants. Although the American Academy of Pediatrics advises that infants do not need to be repositioned onto their backs if they roll into the prone position, parents should be reminded that cribs should be clear of any objects, so that if the infant rolls, there is no risk of rolling into something that may create an asphyxial environment. 
